Introduction
Cystine is an im portant constituent of most pro teins. Its disulfide bond links parts of the amino acid chains and is therefore responsible for the three-dimensional structure o f the protein. 
In the case of cysteine (bis-alanyl-disulfane) the "persulfide" (RSS-) (alanyldisulfide) has been found to undergo autoxidation in air; eq. (3) [10] : RSS" + 3/2 0 2 -»* RSSCV (3)
The cysteine-S-sulfonate 1 is also formed on treatm ent o f cysteine with thiosulfate at pH ~ 7 [ 
11]:
RSH + S20 32~ ^ RSSCV + HS"
Small am ounts of 1 are formed on UV irradia tion of aqueous cysteine in the presence of air * Reprint requests to Prof. Dr. R. Steudel.
Verlag der Z eitschrift für N atu rfo rsch u n g , D -W -7400 T übingen 0 9 3 2 -0 7 7 6 /9 3 /0 5 0 0 -0 5 5 5 /$ 01.00/0 [12] . However, the m ost convenient preparation of 1 starts from cysteine and sodium tetrathionate and results in pure crystals of composition C3H 6O sNS2N a • 3/2 H 20 [13] :
RSH + S40 62--> RSSOj-+ H + + other products (5) In this work we report the Ram an and infrared spectra as well as the crystal and molecular struc ture of H 3N +C H ( C 0 0 ) C H 2S20 3N a-3/2H 20 .
X-Ray Structural Analysis
A single crystal o f 1 o f dimensions 0.5 x 0.3 x 0.3 mm3 was grown from aqueous ethanol (70/30 v/v C2H 50 H /H 20 ) by cooling to 4 °C. Using an auto mated CAD 4 diffractom eter (2 &-co scan) 1880 re flections were m easured at 22 °C (0 < 2.9 < 55°) of which 838 were classified as observed [I > 2cr(I)]. A summary of crystallographic data is given in Tab. I.
The structure was solved by direct methods (program SHELXS-86 [14] ) and refined using the program SHELXS-76 [15] . Lorentz and polariza tion corrections were applied. All non-hydrogen atoms were refined anisotropically. All the hydro gen atom s of the anion o f 1 could be localized refined isotropically. The refinement resulted in R = S(|IF0I-IFC I|)/S|F0| = 0.04. The fractional coordinates, bond lengths, bond angles, and to r sional angles are given in Tables I I -V and crystal and molecular structure is shown in Fig. 1 and 2 *. The sodium cations are located on special posi tions; there are two half cations per anion which have different coordination spheres as will be dis cussed below. The anion of 1 is a zwitterion of C, symmetry with the am ino group protonated and the carboxyl group deprotonated (see Fig. 2 ). The same situa tion has been observed for L-cysteine [16, 17] . The chain-like anion is of helical structure: the torsion al angles S -S -C -C and S -C -C -N am ount to -8 9° and -61°, respectively. The carboxyl group is practically coplanar with the neighboring CN unit been determined as 205.4 pm. This zwitterionic com pound is also heavily envolved in intra-and intermolecular hydrogen bonding. In the case of L-cysteine the S -S bond length is 203.2 pm (hex agonal form) [19] and 204.3 pm (tetragonal form) [20] , respectively. The CC, CS, CN and CO bond length are all very close to the values reported for L-cysteine [17] .
( 1 ) -S ( 1 ) -S ( 2 ) -C ( 1 ) 58.7(4) ( 2 ) -S ( l ) -S ( 2 ) -C ( l ) 178.8(4) ( 2 ) -S ( l ) -( l ) -N a ( l ) -7.6(6) C ( 2 ) -C ( l ) -S ( 2 ) -S ( l ) -89.2(6) S ( 2 ) -C ( l) -C ( 2 )
The sulfonate groups of neighboring anions of 1 are bridged by sodium cations (see Fig. 1 ). There are two types of cations: type 1 (N a2) is coordinat ed by six oxygen atom s belonging to four different anions, and type 2 (N al) is coordinated by two water molecules and four oxygen atoms (O l or 0 2 ) o f four different anions. The hydrogen atoms of these two water molecules could not be located. The distances N a 2 -0 are in the range 2 7 0 -280 pm and the angles 0 -N a 2 -0 are ranging from 51-159°. This coordination, although of Cs symmetry, is far from being octahedral. The same holds for the coordination sphere of N a l. The dis tances N a l -O are in the narrow range of 141 -142 pm. A second type of water molecules is locat ed on a special position (H 7 -0 6 -H 8) and not coordinated to any cation. Since only one such H20 molecule is present per 2 formula units, the overall water content is 1.5 H 20 per formula.
Vibrational Spectra
In Table VI the results of the infrared and R a man spectroscopic investigation of solid 1 are list ed. The IR and R am an spectra are both highly characteristic and may be used to identify the com pound. The vibrational assignment given in T a ble VI is tentative and based on the accurate as signments of the spectra of L-cysteine [21] and various ionic thiosulfates [22, 23] , polythionates [24] as well as the hydrogenthiosulfate ion HS20 3 [ 23] . The most intense Ram an line at 409 cm -1 is assigned to the SS stretching vibration which has been observed at 403 cm 1 in HS20 3~ [23] and near 390 cm " 1 in polythionates [24] , O f very high R a m an and infrared intensity is the symmetrical stretching mode of the S 0 3 group near 1045 cm -1, whereas the asymmetrical S 0 3 stretch at 1218 cm -1 gives rise to a strong IR but weak Ram an band.
With 48 vibrational degrees of freedom o f the anion and 8 molecules in the unit cell the spectrum of 1 is too complex for any detailed analysis unless 
D iscussion
This work confirms the chemical composition of 1 which originally was given with 1.5 H 20 per for mula unit [5] while later authors used a formula with 2 H 20 per sodium atom [13] . Surprisingly, there are two types o f H 20 molecules and two types o f sodium cations but only one type o f an ions in the structure of 1 , which is three-dimensionally linked by a network of NH -O and 0 H --0 hydrogen bonds. These bridging bonds not only show up in the close contacts o f the corre sponding atom s but also in the vibrational spectra: the N H stretching vibrations o f the -N H 3+ group are partly observed at lower wavenumbers (3220-2812 cm -1) than the corresponding vibrations of L-cysteine (3166-3064 cm -1 [14] ). In addition to the interm olecular hydrogen bonds there are also strong intraanionic N H -O interactions. This complex network of hydrogen bonds is probably responsible for the torsional angles at the various com parable CC axes which are very different in 1, in orthorhom bic L-cysteine [17] and in the two in dependent molecules o f monoclinic L-cysteine [16] , For example, the torsional angle S -C -C -C am ounts to 178° in 1, -1 7° in orthorhom bic L-cysteine, and -5 1° and 68° in monoclinic L-cysteine. Similarly, the angles S -C -C -N vary between -170° and 73°.
Experim ental
1 was prepared as colorless crystals according to ref. [13] .
Analytical data: Calcd C 14.4 H 3.6 N 5.6 S 25.6%, F ound C 14.2 H 3.7 N 5.4 S 25.5%.
